Objectives: We conducted this study to assess the seroprevalence of Varicella zoster virus (VZV) antibodies in a group of Iranian medical sciences students that were at risk of Varicella and the value of self-reported history as a predictor of immunity. Material and Methods: 255 medical, nursing and obstetrics students who had not entered as a student or worked in a hospital from 3 different schools were enrolled in the study in 2012 (Qazvin province, Iran). Demographics and other information as well as the history of Varicella were obtained through a self-administered questionnaire. Blood samples were collected to determine the Varicella IgG levels via an enzyme-linked immunosorbent assay. A statistical analysis was performed by calculating prevalences and their 95% confidence intervals. Sensitivity, specificity, positive and negative predictive values, Cohen's kappa and positive and negative likelihood ratios of recalled history were determined. p < 0.05 was considered statistically significant. Results: The mean age of participants was 21.3±4.3 years. Seropositivity rate was 74.5%. The relationships between marital status, number of family members, and acquired VZV history with immunity against the virus were statistically significant. The overall rate of reported history was 57%. The positive and negative predictive values of self-reported history of Varicella were 91% and 47.3%, respectively. Conclusions: Immunization of students of Iranian medical sciences seems logical in the near future. Also, they should be tested for Varicella immunity regardless of the history of previous infection.
INTRODUCTION
Chickenpox or Varicella is a common acute viral childhood infection around the world. It is extremely contagious and characterized by a generalized exanthematous rash, as well as a relatively long period of morbidity lasting up to two weeks [1] . In immunocompetent patients, Varicella is usually benign and self-limited, although it can be more severe in adults. For the normal unimmunized children, chickenpox-associated mortality is less than two per 100 000. This risk increases by more than 15-fold for adults [2] . General symptoms and skin lesions are more problematic and complications (e.g., pneumonia, encephalitis and hepatitis) are more often fatal in adults and adolescents [3, 4] . in 2012 (Qazvin province, Iran). The students were selected according to the date of their enrollment to the university and mostly came from the first and second year of studies. The participants had never entered as a student or worked in a hospital. They were asked to fill in a questionnaire (including questions on demographics, past history of chickenpox, family size, discipline of study and smoking status) and return it. Also, we had an interview with the participants for clarifying the answers. An informed consent was obtained from all students after a detailed explanation of the project. The study received approval from the Ethical Board of the Qazvin University of Medical Sciences.
Laboratory data gathering and analysis
A blood sample was obtained from each participant. Serum was separated and stored at -20°C. Then, the level of anti-VZV was measured by ELISA test anti-VZV/IgG (EUROIMMUN, Medizinische Labordiagnostika AG, Germany). Based on the manufacturer's manual, sensitivity and specificity of the test were 100% in detecting antibodies. It also mentioned that antibody levels equaling less than 8 U/ml, 8-12 U/ml and more than > 12 U/ml were considered negative, equivocal and positive, respectively. Positive results were considered as previous infection and immunization against VZV. Also, the data from the questionnaire and serological survey were analyzed to determine history of Varicella and seropositivity among 3 student groups. It is recommended to consider uncertain history of Varicella as negative in the occupational health care setting, so we added unknown histories to the negative history category [16] .
Statistical analysis
Analyses were performed to determine the differences among three student groups using Chi 2 tests and analysis of variance (ANOVA). Averages are presented, with p-values and/or 95% confidence intervals (CI), where appropriate.
Despite benign nature in healthy individuals, Varicella can result in substantial loss of productivity and is not a totally harmless disease, especially for people at risk (e.g., immunocompromised patients, premature infants, and newborns of seronegative mothers) [2] . Varicella is associated with a risk of virus transmission to the fetus or newborn and causes either congenital Varicella syndrome, herpes zoster during infancy/early childhood, or severe neonatal Varicella (depending on the gestational age) [5] . In health care setting, Varicella is an occupational hazard for those adults who did not acquire Varicella in childhood [6] . The highest risk concerns nurses and other medical personnel that provide care to infected people [7] . Until recently, in Iran, vaccination of children and susceptible health care workers (HCWs) has not been done due to the lack of a generally available vaccine (mostly because of problems with stability and cost). Information on seroprevalence of Varicella among students of medical sciences is important for developing vaccination programs or other strategies (to minimize its health care and economic impact).
There are several international surveys on seroepidemiology of Varicella in health care workers [7, [8] [9] [10] . While we have some epidemiological reports on Varicella in Iranian adults [11] [12] [13] [14] [15] [16] [17] , only two studies have been conducted to find out the prevalence of Varicella immunity and the value of self-reported history of infection in medical students [18, 19] . Therefore, this study aimed to determine the seroprevalence of Varicella zoster virus (VZV) antibodies as well as the value of self-reported history of infection in the students' subpopulation.
MATERIAL AND METHODS

Study setting and participants
Two hundred and seventy medical, nursing and obstetrics students from 3 different schools of Qazvin University of Medical Sciences (QUMS) enrolled in a cross sectional seroprevalence study of VZV antibodies (IgG) IJOMEH 2014;27(2)
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"sensitivity/1-specificity". Also, negative LR was defined as the likelihood of having immunity when the history was negative (in comparison with the lack of immunity when the report was negative) and it could be described as "1-sensitivity/specificity" [21] . And finally, Cohen's kappa measures the agreement between the evaluations of two tests when both are rating the same object. The value of "1" indicates perfect agreement, while the value of "0" indicates that agreement is no better than chance.
RESULTS
The response rate was more than 94% (255/270). All 255 participants were students of medical sciences, with a mean age of 21.3±4.3 years (range: 18-49). More than 1/3 of the participants (37.6%, N = 96) were students of medicine, while 32.2% (N = 82) and 30.2% (N = 77) were nursing and obstetrics students, respectively. In our study, 73.7% of the participants were female ( Table 1 ). The mean age of students with positive protective result was 21.59 years (95% confidence interval (CI): 20.91-22.27), while students with negative result had the mean age of 20.46 years (95% CI: 19.82-21.09). No significant difference regarding age was observed between the groups (p-value = 0.06). The seropositivity rate was 74.5% (95% CI: 68.9-79.6) based on 255 assayed samples by ELISA serology tests. We considered 3 equivocal results as negative because the students will work in the occupational health care setting. According to the results of serological tests, median antibody titer obtained among seropositive participants was 157 U/ml (IQR = 10-301). Medical students had the lowest seropositivity (65.6%) with median antibody titer (116 U/m/l, IQR = 0.2-307), followed by obstetrics 75.3% seropositivity with median antibody titer (185 U/ml, IQR = 8-286), and nursing 84.1% seropositivity with median antibody titer (171 U/ml, IQR = 31-306).
Also, we reported the median of antibody titers and the interquartile ranges (IQR). A stepwise backward logistic regression model was constructed. The coefficients of the logistic regression model were used to measure the associations of independent variables with the protective level of anti-VZV. A variable could be entered into the model if the level of significance (F-value) was less than 0.05 and removed if it was greater than 0.10. The level of agreement between self-reported history and seroprevalence (serological results) was determined by kappa statistic. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of the recalled history were also calculated by Open-epi software [20] . Probability (p) values lower than 0.05 were considered significant using 2-sided comparisons. Statistical analyses were conducted using the Statistical Package for Social Sciences (SPSS) for Windows, version 19.0 (Chicago, IL, USA).
Definition of terms
In our study, family size was defined as the number of inhabitants per house, sensitivity as the ability of finding immune cases based on a positive answer on their historical enquiry, specificity as the ability of finding subjects susceptible to VZV based on a negative answer, positive predictive value (PPV) as the probability of being immune to VZV (confirmed by serology) when we have a "yes" answer to the historical enquiry, and negative predictive value (NPV) as the probability of being prone to VZV when we have a "no" answer. The likelihood ratio (LR) is used to assess how good a diag nostic test is and to help in selecting an appropriate diagnostic test(s) or sequence of tests. They have advantages over sensitivity and specificity because they are less likely to change with the prevalence of the disorder. In this study, we defined positive LR as the likelihood of having immunity to VZV when self-reported history of Varicella was positive (in comparison with the lack of immunity when the report was positive). This could be shown as included the marital status, number of family members, study discipline and acquired VZV history. After a stepwise backward analysis, only the number of family members, and acquired VZV history remained in the model (Table 2) . Table 3 shows the recalled history of Varicella versus serology. Among all seropositive participants, 69.5% gave a history of Varicella infection, while none had a history of vaccination. As shown in Table 1 , 61.5% of medical, 51.2% of nursing, and 57.1% of obstetrics students (overall 57% of participants) reported a history of Varicella, and there
Although nursing students had a better VZV immunity status than other students in the preliminary analysis, the binary logistic regression did not confirm this difference. Students with small family size (3-4 people) had the lowest seropositivity with 62.4%, followed by those with medium family size (5-6 people) with 76.8%, and students with large family size (≥ 7 people) with 86.4%. The differences were significant between the groups (p = 0.008). To assess predicting factors as regards the positive protective result, we used a binary logistic regression model. The variables Table 3 .
was no significant statistical difference between them. Only one person had a history of zoster. The overall PPV for serologic immunity given a history of chicken pox was 91% (Table 3) . NPV for the lack of serologic immunity given a negative history of chicken pox was 58.1%. The NPV of a history of chicken pox for serologic immunity was significantly lower in nursing students (25%; 95% CI: 14. among students of medical sciences (84.5% and 80%, respectively), but they had a limited number of participants (62 and 35 students, respectively) [18, 19] . According to the previous reports from Iran, in 2003, seropositivity of 20-24-year-olds equaled 88% and it decreased to 74.5% in our study [13] . Therefore, we may conclude the occurrence of a little decline in the incidence of Varicella in Iranian young adults over the past decade. The relative decrease in the prevalence of immunity in younger age groups could be a result of recent reduction in exposure to the virus in the Iranian community related to smaller family size and modernization trend [2] . Although the majority of VZV infections occur during early childhood, some epidemiological evidence from temperate areas shows an upward shift in the age distribution of Varicella [29] . This shift has potentially important consequences on morbidity and mortality of health workers (especially pregnant women). A similar changing pattern may occur in our country and further studies are required to prove it. In addition, we examined the relationship between family size and anti-VZV results. In our study, anti-VZV positivity had a significant direct association with large family size (as an indicator of crowding), which is in agreement with other reports [30] . These studies have shown that the risk of becoming infected with VZV is largely determined by the frequency and duration of exposure to airborne droplet nuclei in poorly ventilated indoor settings. This is a well-recognized pattern for several communicable infections such as mycobacterium tuberculosis infection (TB) and measles. Another study from the Qazvin provincethat assessed the influence of household crowding on the tuberculin skin test (TST) result -reported a significant direct association [31] . In fact, the route of transmission in pulmonary TB, measles, Varicella, or disseminated zoster is similar (droplet nuclei [particles smaller than 5 μm] or dust particles containing the infectious agent) [32] . These particles can
DISCUSSION
Different studies have been conducted on various Iranian populations over the past several years to investigate protection against VZV [11] [12] [13] [14] [15] [16] [22] [23] [24] . The results of this study are important to determine the ongoing VZV protection status and choose a strategy for medical students' vaccination. In Iranian medical universities, all obstetrics and the majority of nursing students are female. Similarly in our study, the majority of participants were female. The overall seroprevalence of Varicella was 74.5%. This is among the lowest rates reported from other countries so far [7, [8] [9] [10] . Similar recent studies from different regions of Iran reported various results. Our findings are compatible with a 2012 study of 313 adults (aged 20-40 years) from Tehran that showed 78% seropositivity to Varicella [11] .
A study from Hamadan (western Iran) and another from Babol (northern Iran) revealed that respectively 78.4% and 90.2% of pregnant women were immune to Varicella [14, 15] . Another study from Jahrom, southern Iran, showed that 72.7% of young women were immune to Varicella before their marriage [16] . This diversity in findings may have resulted from different climates in various regions of our country (the north of Iran is a part of Mediterranean climate while the south has a tropical climate).
Because of lower Varicella exposure in childhood and consequent higher susceptibility in adulthood, Varicella occurs more frequently in adults who reside in tropical regions than in those in other geographic areas [25, 26] . For example, in some reports from developed European countries (e.g. Germany and Switzerland), the seroprevalence of Varicella among medical students was larger than in our study, even though their participants did not have a history of vaccination in the neonatal period [27, 28] . In other words, none of the 170 students in the Swiss study had received any immunization against VZV, but still 144 (97%) of 149 individuals were seropositive. Only two studies from Kermanshah (west of Iran) and Tehran (the capital of Iran) reported VZV seroprevalence IJOMEH 2014;27 (2) 310 interview with the participants. Altogether, high PPV of recall for previous chickenpox indicates that positive history can reliably distinguish immunized from non-immunized people, and thus students with history of Varicella infection could be excluded from serologic screening, but negative history should be interpreted cautiously because of relatively low NPV.
Limitations
This study had few limitations. In our study, nursing students showed lower positive LR, diagnostic odds and Cohen's kappa than other students, while their negative LR was higher. Although the differences in PLR and NLR could be attributable to diversity of sensitivity and specificity of 3 groups, it is not easy to find a reason for other discrepancies. The differences in the personal or familial background may be a potential reason.
Despite remarkable results, generalizability of findings (regarding the whole population of students) is not quite possible. Since the entrance university exam in Iran is a nationwide competitive test, we expected to have a random geographical pattern for students' admission. However, the participants were mostly based in the Tehran and Qazvin provinces, which could make a systematic difference between them and the students from other universities and provinces (a potential source for low generalizability). Finally, the causative inference of the found relationships should be interpreted cautiously due to the design of this study (cross-sectional).
CONCLUSIONS
At the moment, the prevalence of Varicella antibodies in students of medical sciences is high and therefore the overall occupational risk of VZV infection for students at risk is low. Nevertheless, immunization of medical students -who have never been contacted Varicella caseswill be logical in the near future (due to a decline in the remain suspended in the air and travel long distances. Inhalation of such particles may result in developing infection in a susceptible host, so airborne precautions are indicated for documented or suspected patients. In our study, there was no association between seropositivity and age, which has been found by other investigators [12, 13] . In the above-mentioned studies, a rapid increase in seropositivity occurred until the age of 20, while almost all students in our study were more than 20 years old. In other words, the range of age in the participants of our study was too narrow to let us find a significant relationship between age and seroprevalence. Similarly to other investigations, we did not find an association between sex and prevalence of VZV antibodies [2] . Although in our study nursing students had a better VZV immune status than other students in the preliminary analysis, this association was not confirmed in the final analysis. More studies are needed to determine other affecting factors. In this study, the overall PPV of reported history for serological immunity among students (91%) was comparable to another study that had already documented an average PPV of 95% amongst Iranian adults (20-40 years old) [11] . This high rate of PPV means that we may rely on a positive result of the test (recall of disease occurrence). Several studies from other countries have also shown a reliable estimate for seroprevalence of infection through self-reported history [33, 34] . Lower NPV than PPV may be attributable to early Varicella affection in the majority of participants. NPV noted in this study (58.1%) was higher than in other reports, where NPV ranged from 6% to 44% [35, 36] . An explanation could be the younger age of our study participants and their education level (as shown by other studies, NPV is higher in younger people) [35] . Another explanation for lower NPV in some studies is the route of data gathering [37] . While most studies obtained their data of history only through a self-administered questionnaire, we gathered more information by an additional incidence of Varicella in Iranian young adults over the past decade). Of course, further studies are required to evaluate the cost-benefit ratio of a selective vaccination program for students of medical sciences in Iran (particularly females). Negative reported history did not indicate Varicella susceptibility of medical sciences students; hence as mentioned in similar studies, all medical sciences students should be tested for Varicella immunity regardless of the history of previous infection [38, 39] . To avoid virus transmission from students to patients and potential complications of Varicella, especially in pregnant women, we recommend serologic tests in obstetrics students who have never been in contact with suspected or proven cases of Varicella. Until VZV vaccine is accessible in Iran, preventive care is recommended for cases without immunity to Varicella-zoster virus.
